The legal biological survey of swimming pool waters is based on both the level of bacteriological contamination and the amount of material of fecal origin. The great number of soil amoebas and the occasional epidemiological risk involved led us to consider using these organisms as possible biological markers to estimate the quality of pool water and the extent of disinfection. During a 1-year survey of 54 public swimming pools, 765 superficial pool and tap water samples were collected. One portion (50 ml) drawn from 1-liter samples was filtered and cultured for amoebas. In specimens considered contaminated we detected at least 20 amoebas per liter, whereas uncontaminated samples contained fewer than 20 amoebas per liter. By keeping the threshold value voluntarily low, we were able to compare tap water with pool water and to monitor the quality of various disinfection procedures (i.e., chlorine, bromine, and Cu-Ag). The data suggest that the filters were not always protective against a high concentration of amoebas. Furthermore, these disinfection procedures were not equally efficient according to estimates based on biological criteria. In addition, the quality of swimming pool water also depends on the quality of its source tap water. Thus, the numeration of soil amoebas can be used as an additional biological marker to estimate the quality of swimming pool water.
Attention has been drawn to the importance of bathing waters in the etiology of primary amoebic meningoencephalitis (2, 10) . The occurrence of this rare but extremely severe disease led to the reinvestigation of the sanitary conditions of swimming pools in terms of upkeep and supervision by using criteria other than bacterial indicators. Jadin et al. (11) claimed that in water heated to between 25 and 30°C the growth of soil amoebas (i.e., free amoebas) is stimulated, and they demonstrated the importance of filtration, disinfection, and regeneration (draining and cleaning) in the maintenance of swimming pool waters.
In 1977 the Laboratoire d'Hygiene de la Ville de Paris initiated a survey of Naegleria amoebas that could eventually be pathogenic (6, 19) . From the beginning of this study it was obvious that the amoeba populations were very different from one swimming pool to another. Whenever a quantitative estimation was possible, information concerning the efficiency of cleaning and water treatment was collected (5, 16; R. Grillot, These Doct. Sci. Pharm., Universite de Grenoble, France, 1980; P. Pernin, These Doct. Sci. Pharm., Universite de Lyon, France, 1976).
Investigators at the Laboratoire d'Hygiene studied and compared the quality of available tap and pool waters obtained from a number of swimming pools in Paris. In addition, bathing waters were also investigated.
MATERIALS AND METHODS Pools. A 12-month survey of 54 swimming pools was performed between March 1978 and March 1979. The disinfection procedures used were as follows. Hypochlorite was used for 41 of the pools, chlorine gas for 3, and bromine for 6, and the electrophysical method (Cu-Ag) was used for 4 pools. Sand filtration was used for 46 pools, and diatomite filtration was used for the other 8 pools. At least once a month, water samples were drawn during a sanitary inspec-* Corresponding author.
tion. The water quality was satisfactory based on standard criteria, especially with regard to the concentrations of residual disinfectants (approximately 1 mg/liter for free chlorine, 2 mg/liter for bromine, 1 mg/liter for copper, and 50 jig/liter for silver) and to bacteriological parameters (i.e., total coliforms [<20/100 ml]; absence of fecal coliforms, fecal streptococci, presumed pathogenic staphylococci, and Pseudomonas aeruginosa in 100 ml). Consequently, the quality controls were to a large extent in good agreement with official sanitary requirements (12, 13) . Some rare abnormalities related to regeneration, draining water, cleaning of wading pools, or general upkeep were noticed.
Tap waters. The 54 swimming pools studied here were supplied with public water from four different origins. For two of these, water was collected from the Avre and Vanne springs and transported approximately 100 miles (ca. 160.9 km) by aqueducts. The water was chlorinated along the way (1 mg/liter), but the residue was totally neutralized immediately before reaching Paris. For the two other origins, water was pumped east of Paris from the Seine (Orly and Ivry) or from the Marne (Saint Maur des Fosses). These waters were treated by routine methods: flocculation, decantation, slow or fast filtration, and disinfection by chlorine or ozone. However, during this study an additional prechlorination step was performed at the Orly station. Generally, the four types of tap water were distributed in a well-determined sector. Occasional interconnections, depending on seasons, needs, and weather conditions, may have led to mixing. During this study, the main swimming pools were supplied by tap water from a single and constant origin, except for seven pools which received mixed tap waters and were grouped separately.
Samples. Water samples (1 liter each) were drawn into sterile bottles from a valve of the tap water supply pipe and from the water surface of each swimming pool. Neutralization of the disinfectant was done when necessary by adding to the bottle either thiosulfate (25 mg/liter) when the water USE OF SOIL AMOEBAS AS BIOLOGICAL MARKERS Evaluation of the amoeba concentrations in the water samples. The tables for the determination of the most probable number (1) were first used by Pernin in Lyon (Pernin, These Doct.). Although this procedure is well adapted for a small number of samples, it is unsuitable for a routine surveillance covering prolonged periods. It was therefore replaced by the study of a single 50-ml filtered sample (8 
RESULTS
Amoeba concentrations in tap water. Important differences in the quality of the tap waters supplying the pools were observed. These differences depended on the origins of the tap water and also on the season (Tables 1 and 2 ). Indeed, significantly more amoebas were seen in the Avre and Seine waters and during the summer.
Relationship between amoeba concentrations in tap and pool waters. Differences in tap water sources affected the quality of the swimming pool waters. For each swimming pool, tap and pool water samples were collected simultaneously. In some cases, two pool samples (from the small and large pools) were collected corresponding to the same tap water sample, which explains the differences in the numbers of corresponding tap and pool water specimens. The sam- (Table 4) . Activity of the disinfectant used in pools. It was possible to consider the results as a function of the disinfectants or disinfection processes used in the 54 swimming pools. For the 475 pool water samples, the disinfectants or disinfection processes were not equivalent, as indicated by the amoeba concentrations in the pool water samples (Table 5 ). For three of these processes, seasonal effects were observed (Table 6 ). DISCUSSION Differences in amoeba concentrations between specimens were estimated by using the x2 test. According to the percentage of positive samples, the cleanest water was from the Vanne spring. The Avre and Seine waters were significantly more contaminated than the Vanne water (P < 0.01), but the difference was not significant with the Marne water. The difference between the Vanne and Avre waters, which originate underground, resulted from the unsatisfactory protection of the Avre water supply, which was more often spoiled by running waters (as observed by the periodic increase of the turbidity level). The discrepancy between the two tap waters of superficial origin (Seine and Marne) can be explained by differences in quality (7) and in the effectiveness of the physicochemnical treatment of their corresponding raw waters (11) . An additional consideration was the higher level of contamination noted in all tap waters during the summer (P . 0.01; Table 2 ). In this study, we chose to look for amoebas in pool water samples rather than in specimens taken from the pool wall. We believe that a water sample is a more homogeneous and reproducible specimen and better represents the sanitary status of the entire pool. Surface water sampling is easier to perform and takes into account the superficial film well known to be preferentially contaminated by microbes. Indeed, organic particles tend to accumulate in dead pool areas and thus concentrate the growth of amoebas locally. In contrast, agitation of the water by swimmers and the water network contribute to the homogeneity of the water sample.
The quality of the source tap water was the first important factor affecting pool water; whatever the supply might be, when the tap water was positive for amoebas, the pool water was more likely to be positive also. In contrast, when the tap water was negative, the pool water was more likely to be negative also (0.001 < P < 0.01) ( Table 3 ). The calculations based on seasonal modifications led to the same conclusions ( Table 4) .
The second important factor affecting pool water was related to the characteristics and efficiencies of the treatment processes. Despite the differences in filtration conditions (such as sand or diatomite filtration or differences in velocity), we did not have sufficient information to analyze this factor. However, it seems to us and to others (11) that filters are not really useful since they retain particles suspended in water mainly when filtration is associated with flocculation. Amoebas could be stopped that way, but they could also proliferate on or in the filter (9, 10) and pass through. It is therefore important to wash the filters regularly by a reverse flux.
The third important factor affecting pool water was the disinfection procedure. It was clear that common disinfectants were unable to destroy amoebas (mainly cysts), especially those of the Acanthamoeba spp. (3, 4, 14) . Chlorine appeared to be the most efficient agent against amoebas (Table 5) ; it was more effective than bromine or the Cu-Ag procedure even during the summer. The increases of amoebas in tap water led to a rise in the frequency of contaminated pools; this overload was controlled well by chlorine (no difference between summer and winter) but less well by bromine or Cu-Ag disinfection. A recent study indicates the same classification of disinfectant efficiency in swimming pools when enterovirus indicators are used (15) .
In addition to the bacterial control, the use of soil amoebas as a biological indicator offers a new way for a better survey 
